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SEASONAL HURRICANE FREQUENCY FORECAST SCHEME

* Build a statistical emulator of HIRAM-C180, two predictors:
* SSTMPR (SST anomaly 80°W-20°VWV, [0°N-25°N)

* SSTrrop (SST anomaly 30°5-30°N)

* Use S-| forecast models to predict two indices

M@ olve PDF of SST forecasts with PDF from statisti@al
model.



BUILD A STATISTICAL EMULATOR OF C | 80-HIRAM USING
ASO ATLANTIC MDRAND TROPICAL-MEAN SSTA (POISSON)

Training of Hurricane Frequency Statistical Model Fit on HIRAM C180 Experiment Years
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Vecchi et al. (2010, MWR submitted)
see Villarini et al (2010, MWR in press) for methodology



Annual Hurricane Counts

FIT OF HIRAM-C |80 EMULATORTO OBS. PERFORMS WELL

Application of Hurricane Frequency Statistical Model to Observed SST Indices
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HIRAM-C 180 with full SST gives r=0./8, RMSE=1.9 |
Cannot justify additional predictors at this time

Vecchi et al. (2010, MWR submitted)



SST INDEX RELEVANT TO HURRICANES COMPLEX,
MORETHAN ENSO AND ATLANTIC SST

EN ENEN EN EN EN EN EN EN EN ENEN EN A E NG EN EN EN

R Y VY Y Y vy Y vy v oy v

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

0.6

MDR.—average SST Anomaly 7 “Hurricane Relevant” SST Anomaly [
iGe Tropical-mean SST Anomaly . (SSTmdr-1.085STtrop)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

1985 1990 1995 TfOOO 2005 1985 1990 1995 TfOOO 2005 T

1 |

LN LNLN LN LN LNLN LN

L 0.6

ERYTAY

04

0.2

--0.2

L 0.4

--0.6
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SSTtrop more than ENSQO, trend, warm mid-2000's, etc.



EXPLORE TWO SYSTEMSTO FORECASTTHE SST INDICES
* GFDL-CM2.1 Experimental Forecast System:

* Ensemble Kalman Filter inttialization of GFDL-CM2.| - Zhang et al
(2007), Delworth et al (2006)

* | 2-month retrospective and forward forecasts

» Basis of GFDL’s efforts to understand decadal predictability
* NCEP-CFS Operational S-I Forecast System:

» GFS atmosphere and MOM3 ocean, initialized to NCEP (atm/land)
and GODAS (ocn) - Saha et al (2006)

* Nine-month retrospective and actual forecasts

» Used operationally at NCEP



APPLY STATISTICAL HURRICANE FREQUENCY MODELTO CM2. |
RETROSPECTIVE FORECASTS OF |[ANUARY SSIF

Monthly forecasts 30-member lagged ensemble forecasts
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1982-2009 Correlation

HYBRID (STATISTICAL-DYNAMICAL) FORECAST SYSTEM EXHIBITS
POTENTIAL FOR MULTI-SEASON LEAD FORECASTS

(a) Retrospective Correlation Monthly Ensemble Atlantic Hurricane Forecasts (b) Retrospective Correlation Lagged Ensemble Atlantic Hurricane Forecasts
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HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM ANTICIPATES ACTIVE 2010
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Vecchi et al (2010, MWR submitted)



HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM ANTICIPATES ACTIVE 2010
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Vecchi et al (2010, MWR submitted)



2010 SEEMS PRECONDITIONED TO BE ACTIVE, BUT PREDICTED
HYPERACTIVITY SHOT UP IN SPRING

p(N>10) from GFDL model forecasts
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DIFFICULT TO VERIFY PROBABILISTIC FORECAST FROM SINGLE YEAR, BUT
INCLUSION OF 2010 (12 HURR.) IMPROVES OUR RETROSPECTIVE SKILL

Correlation GFDL-initialized forecasts
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SINCE 2010 WAS sO ACTIVE: IF WE GET CLIMATOLOGICAL YEARS IN
201 1&2012, THEN 2010 WILL HAVE BEEN DECADALY-ACTIVE
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GFDL EXPERIMENTAL FORECAST FOR 201 |
INITIALIZED NOVEMBER 20 |0

NOT AN OFFICIAL OUTLOOK, EXPERIMENTAL
PREDICTION FOR SYSTEM EVALUATION

* Forecast for slightly above average 201 |, with reduced probability of extremely
low counts and enhanced probability of extremely low counts:

* Mean count: 747 --- or |.6 over the system's long-term mean of 5.83
* Median: / --- or two over the system's long-term median of 5
* p(N.LE.3) = | |.6% --- or less than half the system's long-term average of 2/.3%

* p(N.GT.10) = 18.19% --- orslightly less than twice the system's long-term
average of 10.5%

* p(N.GT.6) = 54.19% --- or somewhat more than the system's long-term average
©h37.2%



SUMMARY

 Used understanding built assessing AGW/hurricane connection to build 5-|
hurricane frequency forecast system

« SST contains a great deal of the information about seasonal Atlantic hurricane
activity:

* Two indices (SSTmpr and SSTrop) IN ASO contain most

* Existing S-I forecast systems can predict these SST indices with skill from as

early as November of the previous year, consistently predicting active 2010
since Nov. 2009.

BN e iospective skill from CES on short leads

* Room for improvement long-range (>6 month) hurricane outlooks from
improved SST forecasts.

» How far back can we push it! Was 1982-2009 exceptionally predictable! Can
we predict other quantities (efforts at Cat3-5, Cat4-5 and landfall)
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GFDL C-X HIRAM GCMS

Family of global atmospheric models designed for better-representing
tropical cyclone frequency. C90 - 1°, CI180=1/2°, C360=1/4°, C720=1/8°, C2000=5km
Ref. Zhao et al (2009, J. Climate; 2010, MWR)

Adapted from AM2 with: North Atlantic Tropical Storms*
*lasting 2 days or more
* Deep convection scheme adapted T overved
from Bretherton, McCaa and 0|~ Model
Grenier (MWR, 2004) | Model range

» Cubed sphere dynamical core

» (Changes to parameterizations of
cloud microphysics

Storms per Year
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HIRAM C 180 (AND OBSERVATIONS + CONTROLS TO LARGE-SCALE)
SUGGEST RELATIVE SSTA AS A PREDICTOR

North Atlantic
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APPLY STATISTICAL HURRICANE FREQUENCY MODELTO
CM2.1 AND CFS RETROSPECTIVE FORECASTS OF MARCH SST

Monthly forecasts 30-member lagged ensemble forecasts
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HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM INDICATES ACTIVE 2010

Mean Median
Count (hurricanes) p(count>6) p(count=10)  p(count<3)
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Vecchi et al (2010, MWR submitted)



